The depressant effects of halothane, enflurane and methoxyflurane at 0.5, 1.0 and 1.5 MAC on isolated human gravid uterine muscle have been studied. The muscle samples were obtained from women undergoing caesarean section at between 38 and 41 weeks gestation. All three agents produced depression of uterine muscle con tractility and of contraction frequency. There were no significant differences between the degree of depression of the uterine muscle at equipotent concentrations of the three volatile agents. Differing concentrations of the same agent over the range 0.5 to 1.5 MAC produced no significant change in the uterine muscle depression.
INTRODUCTION
Halothane and methoxyflurane have been used for many years in obstetric practice and their relative merits and disadvantages have been well documented. 1 ,2 Enflurane, while not in use for so long, has also been evaluated. 3 Marx et al. 4 measured post partum intrauterine pressures in healthy women during administration of differing concentrations of halothane and enflurane. They showed that the frequency and intensity of post partum contractions diminished markedly to between 20 and 60070 of the control activity during the inhalation of 1 MAC (Minimum Anaesthetic Concentration) halothane and 1 MAC enflurane. Normal patterns of activity returned promptly on lightening of anaesthesia.
Munson and Embro 5 measured the effects of equipotent concentrations of enflurane, isoflurane, and halothane on isolated human uterine muscle and demonstrated depression to between 60 and 75070 of control activity at 1 'M. B., B.S., F.F.A.R.A.C.S., Director. **B.Sc., Scientific Officer. MAC and to 25-40% of control activity at 1.5 MAC.
Munson and Embro tested 52 myometrial specimens from 15 non-gravid and four gravid uteri removed at elective operation. Following removal of the myometrial strips they were refrigerated overnight at five degrees centigrade in a modified Locke's solution and on the following day rewarmed to 37 degrees centigrade and attached to an isometric force transducer. The strips were then exposed to the appropriate concentrations of anaesthetic agents and con tractility measured. Munson and Embro stated that the responses of muscle strips from gravid uteri were similar to those from non-gravid uteri and combined all their data for analysis. However the small numbers of gravid uteri tested would appear to be inadequate to allow valid conclusions to be drawn about the relative responses of gravid and non-gravid uterine muscle.
Extrapohition of in vitro experimental results to clinical practice is not acceptable. However the magnitude of the depression of uterine activity reported by Munson and Embr0 5 is so inconsistent with that seen in clinical practice 3 that the experimental technique and hence the conclusions require re-evaluation. Rosenberg 6 demonstrated dose-dependent depression of rat uterine muscle in vitro by methoxyflurane but no data on gravid human uterine function in vitro are available.
METHOD
Thirty uterine muscle strips were excised from the upper edge of the lower uterine segment incision during caesarian section. The duration of pregnancy in all patients ranged from 38 to 41 weeks. Twenty patients underwent elective caesarean sections before labour and ten patients were in labour at the time of operation. Thirteen patients had epidural or spinal techniques using mepivacaine and/or bupivacaine and 17 underwent general anaesthesia receiving thiopentone, nitrous oxide and oxygen anaesthesia with muscle relaxants but no volatile supplements. Four patients were primigravid and 26 multigravid. A strip of tissue approximately 20 mm by 5 mm by 5 mm was excised immediately after delivery of the baby, prior to the patient receiving either ergometrine or oxytocin. Immediately after removal of the tissue it was placed in the nutrient solution described below at 37 degrees centigrade and transported to the laboratory. A piece of tissue 10 mm by 2 mm by 0.5 mm was cut from the original piece and suspended in 80 ml of the nutrient solution. The lower end of the muscle was fixed in the bath and the upper end attached via a stainless steel rod to a Statham UC3 (Gold Cell) transducer biased to measure tension, for isometric recording. A tension of 5 g was applied to the muscle.
The composition (mmolll) of the bath solution was as follows: sodium, 150; potassium, 4.7; calcium, 2.5; magnesium, 1.18; glucose, 7. The solution was buffered with sodium bicarbonate and bubbled with 95070 oxygen and 5070 carbon dioxide. The temperature and the pH of the solution were monitored continuously throughout the experiment and were 37 ± 0.2 degrees centigrade and 7.4 ± 0.05 pH units respectively.
Instead of being stored overnight at five degrees centigrade the tissue was kept at 37 degrees at all times and placed in the organ bath within six minutes of removal from the patient. At this time 0.5 units of oxytocin and two units of insulin were added to the bath. The tissue was then allowed to equilibrate in the bath for approximately 45 minutes or until regular steady contractions were evident. The tension generated was recorded on one channel of a Hewlett Packard 7754A recorder and the integral of the tension-time curve on a second channel after integration by a Hewlett Packard 8815A integrator. The tension signal voltage was simultaneously logged every two seconds by a Hewlett Packard 9835 computer, having passed through a 1.0 Hz low pass filter and Hewlett Packard 3437A System Voltmeter. The data collected on line was analysed to determine for each contraction, the duration, the mean tension and the resting and peak tensions. This data was recorded on a data cartridge. At the end of the experiment this was transferred to a Hewlett Packard 9845 computer which in 30 seconds calculated five minute mean values for each of these parameters and printed a tabulated and graphical summary of the experiment.
Each of the three agents was administered separately to ten uterine muscle specimens. The agents were delivered from a Mark 3 Fluotec, a Mark 3 Enfluratec, and a Mark 1 Pentec on which calibration points had previously been established using a c.I.G. Medishield MS2 gas monitor. Oxygen 95070 and carbon dioxide 5070 were passed through each vaporiser at 4 lIminute. The car bog en and volatile agent were then bled at a rate of 400 mllminute through a rotameter into the organ bath, the remaining gas being disposed of via an active scavenging system. The 1.0 MAC concentrations of halothane, enflurane and methoxyflurane used were 0.76070,7 1.68070 8 and 0.16070 7 respectively.
A separate determination of the rate of equilibration of the agent with the organ bath fluid was carried out using toluene extraction and a gas chromatographic technique. This showed that the time constant for equilibration of each agent in the bath was two minutes and 95070 equilibration had occurred within six minutes of any change in the concentration of the bubbling gas.
The following schedule of administration of anaesthetic agents was used. I. First 30 minutes, no anaesthetic administered. 2. Second 30 minutes, 0.5 MAC anaesthetic. 3 . Third 30 minutes, 1.0 MAC anaesthetic. 4. Fourth 30 minutes, 1.5 MAC anaesthetic. 5. Fifth 30 minutes, 1.5 MAC anaesthetic. 6. Sixth 30 minutes, 1.0 MAC anaesthetic. 7. Seventh 30 minutes, 0.5 MAC anaesthetic. 8. Eighth 30 minutes, no anaesthetic given.
The five minute mean values within the corresponding 30 minute periods were averaged, i.e. first and eighth period, second and seventh period, third and sixth period, fourth and fifth periods.
This "folded" technique eliminates the effect of time and any tissue deterioration on the results of the experiment and provides mean 30 minute values at 0, 0.5, 1.0 and 1.5 MAC anaesthetic agent.
Data were analysed using one-way analysis of variance to) detect differences between anaesthetic levels and between anaesthetic agents. Differences were considered significant when probability values were less than five per cent.
RESULTS
The results of all experiments are shown in Table 1 .
Contractility, frequency, peak tension and resting tensions are presented as percentages (± 1 SD) of control values. Figure 1 illustrates the changes in contractility as a percentage of control values and also illustrates the behaviour of muscle which receives no anaesthetic but is allowed to contract for the same duration as the experimental specimens. Figure 2 illustrates changes in frequency of contraction compared to control values. At each MAC the three anaesthetic agents produced significant depression of pregnant uterine muscle contractility and contraction frequency compared to control values. For none of the agents was there any significant increase in depression with increasing MAC, nor was there any significant difference in the depression caused by the different agents at equal MAC. Compared with control values the frequency of + means ± IS.D. * p < 0.05 difference from control ** p < 0.001 difference from control *** p < 0.02 difference from control contraction of the uterine muscle strips diminished markedly under the influence of the three agents as shown in Table 1 . 
DISCUSSION
In clinical practice the use of the Montevideo Unit (MU) as described by Caldeyro-Barcia and Poseir0 9 is being replaced by an estimation of contractility, defined as the total area under a tension-time curve per unit time. Whittle and Miller 'o have shown that the correlation between the two methods is sufficiently close for the latter method to be adopted generally. We have therefore adopted 30 minute contractility as the principal method of comparison in this experiment. The method lends itself to time-saving computerisation.
The results of this study confirm Munson and Embro's work in so far as they demonstrate that equipotent concentrations of the three anaesthetic agents produce equivalent depressions of pregnant uterine activity. It is noted however that the depression produced by 
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No anaesthetic N=IO -- each concentration of halothane and enflurane in this experiment is significantly less than that recorded by Munson and Embro. 5 It is likely that this significant difference in uterine contractility under the influence of anaesthetic agents is due to the different handling of the uterine muscle specimens in this experiment. The rates of equilibration of inspired and alveolar concentrations of halothane and enflurane are very similar. For example at five minutes and 15 minutes alveolar concentrations of halothane are 38.2UJo and 55.5UJo of inspired concentrations respectively and for enflurane the values are 50.0UJo and 61.8UJo respectively." Methoxyflurane by contrast has reached only 28 to 53UJo equilibrium by 45 minutes. 2 This experiment shows that the in vitro depression of Anaesthesia and Intensive Care, Vol. VIII, No. 4, November, 1980 gravid uterine muscle activity by the three agents is the same. In clinical practice therefore one agent is unlikely to have any significant advantage over another as far as uterine depression is concerned, when equivalent MA Cs are administered.
Direct extrapolation of these results to intact human uterine function under the influence of volatile agents is not possible. However the results of this experiment are in agreement with the work of Marx and her colleagues 4 who showed that equipotent concentrations of halothane and enflurane cause equal degrees of depression in human uterine muscle clinically.
